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Services and the Business Models of Product Firms: An
ABSTRACT
This article presents one of the first large-samp ses of the impact of servi bu ser be in co (A Ser rev tot im res
In r cent years, many technology companies that we usually think of as leading-edge product companies or systems providers, ranging from SAP and Oracle to IBM and Hewlett Packard, have seen increa rvices. Is this shift toward services good or bad for product companies? Should product companies inv bu pro beg pu mo res wi ser hap som ma ser Empirical Analysis of the Software Industry le empirical analy ces on the business models (i.e. the financial performance) of product firms. We ild upon existing and recent literature in technology management, economics, and vice operations in order to propose and test hypotheses regarding the relationship tween level of service revenues and operating profitability. We test these hypotheses a sample of approximately 500 pre-packaged software product firms (a dataset we llected for this purpose) using fixed-effects panel data and dynamic panel data rellano-Bond -GMM) econometric models methods. We find a non-linear relationship. vices initially are associated with lower profitability but at some point this relationship erses. We estimate this inflection point to happen when services reach about half of al revenues, and discuss the theoretical reasons behind these results. We also discuss plications for managers in software and other industries as well as avenues for further earch.
Managerial Relevance Statement
e sing amounts of their sales coming from se est more in designing and delivering services or work harder to protect their products siness? Do service revenues at the expense of product revenues hurt or help fitability? These are some of the questions we attempt to answer in this research, inning with a careful statistical analysis of data from all software products companies blicly listed on U.S. stock exchanges between 1990 and 2006. We find that there is a re complex relationship between services and firm performance than previous earchers have assumed. Services in software product firms initially are associated th lower profitability, but at some point this relationship reverses and additional vices appear to improve firm profitability. We estimate this "inflection point" to pen when services reach about half of a firm's total revenues, though the point varies ewhat in different segments of the industry. Overall, our findings should inform nagers who want a better understanding of how to balance the mix products and vices in their offerings to customers.
INTRODUCTION
Many authors during the last several decades have noted the rising importance of services in the the Bo lar str firms and product firms in general (Quinn, 1992; Wise & Baumgartner, 1999) . As their argument goes, some product firms (we can point to GE and IBM as prominent economy (e.g. Bell, 1973; Stanback, 1979) . Indeed, services have become largest, and often the fastest-growing sector in developed economies (Triplett and sworth, 2004) , and service firms comprise a significant and growing fraction of the gest firms in the economy (Heskett, 1986) . More recently, several authors have essed the increasing importance of services in the business models of manufacturing mples) have increasingly focused on services because services provide them with a re stable source of revenue than products; in addition, service revenues such as intenance often outlast the life of the products themselves (Potts 1988; Quinn 1992) .
me authors even have suggested that, in at least some industries, services can have her margins than products, particularly during economic downturns, even though it is Much of the services literature also portrays the movement to more services in duct industries as an almost inevitable process resulting from the passing of time and anges in the product industry conditions. The well-known examp lett-Packard, Sun Microsystems, Dell, and EMC that have successfully placed re emphasis on services during the last decade have helped galvanize the idea that firms are irreversibly moving toward services. IBM, arguably the best-known
In this literature stream, the assumption -often a claim -is that services are "good" for product firms and firms should therefore welcome the increasing importance of serv hav ex the Wi to have higher margins and to require fewer assets than product manufacturing. And because they tend to provide steady service-related revenue streams, they are often counter the ind hav or to services (Shapiro & Varian, 1999; Cusumano, 2004) .
In this paper, we provide perhaps the first large-sample study of the impact of servi hy to performance, we challeng bu bet performance.
with lower profitability (in other words, additional services hurt profitability), but at some ices. In other words, a product firm's performance and its level of services should e a positive and monotonic relationship. Some of the most recent research has plored "best practices" in the quest by product firms to integrate service activities into ir product-driven routines (Oliva and Kallenberg, 2003; Reinartz and Ulaga, 2008 pen when services reach about half of a firm's total revenues. Also, the level at which inflection point occurs seems to vary within sub-segments of the same industry.
Our study contributes to the literature on innovation and change in business hnology management and innovation to strategy. Most of the prior literature we have iewed either has ignored the impact of services on the business models of product ms or assumed a straightforward relationship with performance. The paucity of pirical studies on the importance of services in product firms, despite the fact that vices may be an increasingly important component of the revenue mix of these firms, to explore these issues, we painstakingly assembled a dataset of close to 500 firms mpeting in the software products industry from 1990 to 2006, separating products and vice revenues and costs. We then tested our hypotheses using GMM dynamic panel ta methods (Arellano-Bond). As noted, our results show that the services/performance ationship is important but more complex than what researchers have assumed so far.
profitability of services seems to be related to economies of scale or scope in service design and production and to conditions and dynamics dictated by the stage of industry life cycle when services are offered. 
ICES AND THE PERFORMANCE OF PRODUCT FIRMS
SERV
In the management literature, services generally have been considered as ts to a firm's product offerings --intangible activities that are offered or sold t to occur primarily in mature firms and industries where product prices decline as esult of "commoditization." In his widely cited 1986 paper, David Teece suggests that vices "do not loom large" in the early stages of an industry (p. 251). Much of the sequent literature regarding services in product firms seems to have followed Teece's tum, assuming that services become important sources of revenue or profits mainly in additional light on the role of services for product firms. Indeed, the key papers in s stream of literature (Abernathy & Utterback, 1978; Anderson & Tushman, 1990; epper, 1996 , 1997 contain almost no mention of services.
Recent research has attempted to fill this gap. Different types of services may in t be offered at different periods of an industry and firm evolution; they may address ts of needs; and respond to different firm strategies (Cusumano, Ka financing) or after (e.g. maintenance) the purchase of the industry's product. (Mills, 1986; Skaggs and Huffman, 2003) .
such situations, the service provider "will be required to secure and process copious the complexity of service operations increases substantially when high customer olvement is required. High-encounter service situations make the production of vices complex and labor-intensive (Mills & Moberg, 1982) . All of this tends to ke the production of services expensive. At low levels of service production, and ticularly during the complex and changing technology and demand environment that 
Research Setting and Data Collection Process
AICS 51121) includes firms that sell discrete programs consisting of tware code that, when executed on a hardware platform, performs a certain task, such to automate a business process or display streaming video. Despite the fact that tware is considered an intangible product, software products share many aracteristics of physical products. Not only software does often come in a physical instein, 1997, p.542) that are usually provided to all customers. ce data for these firms are not captured electronically, we collected 10-K information as many of these firms as possible using microfilm records. This increased the total ple to 485 firms. 2006. In other words, the majority of today's revenues in SIC code 7372 "software ducts," corresponds not to products but to services. (We also estimate that
imation Models and Variables
We use an Arellano-Bower (1995)/Blundell-Bond ( imation (also known as "system GMM," or gene he impact of services on firm profitability. GMM models present important vantages over fixed-effects models, and are particularly well suited for datasets like tions where the dependent variable partly depends on its own past realizations, uations where the predictors are not strictly exogenous (i.e. they could be correlated th past or current realizations of the error), and situations where heteroskedasticity or tocorrelation within individuals (but not across them) is suspected. All of these issues not unusual in small T, large N datasets and could be present in our sample. We use routine XTABOND2 in STATA version 10 to obtain the estimations below, and above, given the widespread use of fixed-effects models the literature, we provide in Our GMM model can be written as follows:
wh Op a firm's operating income divided by total sales, and thu take values greater than 1 but can take large negative numbers (for instance, sta sales during the first years). This implies a potential non-normality situation with our dependent variable, as the operating margin measure is capped at 1 on the right. We
ere, lnprofit i,t (our dependent variable) is the natural log of firm i's operating margin in year t.
erating margin is calculated as s cannot rtups may have large negative operative incomes in relation to their small or even nil
Comment [FS2]:
Michael: on your ere (sorry I erased it), what ence really means is that the variance decomposition analysis is really different cut" the problem and that r cut" looks at issues that they do not ver. I know the wording is a bit technoconfusing, but there is no more to it. It DOES NOT mean that we are looking at the residual of their analysis or any other possible interpretation out of this. The point is that, unlike variance decomposition analysis, our analysis focuses on ONE industry -thus we are looking at what they are not looking. I think it is OK to leave it like this for a technical journal like MS. I will erase this comment after I send this version out to you -no need to react unless you have objections. . Moreover, the outliers we eliminate represent less than 0.1% of the total data ints in our sample, and thus their elimination should be no source of concern. In order use a log transformation, we follow the standard procedure of adding a constant so that lower bound in our transformed variable is non-negative, 1 in our case.
i,t-1 verage profitability dissipate over time. This variable, therefore, captures the ncern coming from the "persistence of profits" stream of literature (Bain, 1956; Weiss, 74) .
vp i,t is the percentage of firm i' s revenues in year t that corresponds to services.
ere is important variat ces as percentage of revenues, but also a quadratic effect, servp2. turitycat i,t captures the level maturity along the industry lifecycle, at any given year.
determine the onset of maturity in the software industry we looked at the evolution in the of number of firms in the industry and by industry category. An abundant body lite to the rature has shown that the point at which the total number of firms peaks corresponds emergence of a major change in industry dynamics that leads to the "shakeout" that announces the onset of maturity (e.g. Agarwal, Sarkar & Echambadi, 2002; Utterback & Suarez, 1993) . In addition to the abo rted the majority of their business. This variable follows from the structure-cond e paradigm (Bain, 1956) , which maintains that firm profitability is mainly du firms' market power and the resulting industry structural conditions. Following ustry practices, we divided our sample of software companies into seven product egories: business applications, business intelligence, multimedia, databases, operating tems, networking, and "others." The category "games" was excluded from our tried other specifications of maturity such as using a dummy variable = 1 for observations starting in 8. However, our current specification seems to capture more of the variance. The sign of the maturity fficient in our estimations remains the same independent of the specification used, which is reassuring.
analysis due to the fact that almost all game-producing companies have no service 
R les is th
many studies) as a proxy for firm size and resources.
ardum is a set of year dummy variables to capture the effect of time ar dummies is a prudent step in fixed effects (and GMM) models, because the imates of the coefficients standard errors assume no correlation across firms in the ation in operating income.
is an error term capturing the idiosyncratic shocks. Table 2 reads well in my filesomething must have been lost in the translation to your PC. Also, we will submit it as a PDF file, so these issues should not be a problem. I will erase this comment now.
access to distribution channels (Dierickx & Cool, 1989; Schoenecker and Cooper, 1998 ).
In our sample, firm size shows the expected positive effect on firm performance -i.e. Table 3 . With OLS, the lagged dependent variable will be correlated with the error, s biasing the estimate upward. In our case, this OLS regression provides a coefficient able in a "within" or fixed effects (FE) regression, as it can be shown that this imator has a downward bias in situations of dynamic behavior (Roodman, 2006) . In case, the FE regression is shown in Model VI in Table 3 . The coefficient for the ged dependent variable is 0.168 -lower than that resulting from the GMM model. r GMM coefficient for the lagged dependent variable falls, therefore, within the ected bounds.
GMM models can potentially generate too many instruments, which in turn can he fact that GMM models generate instrument sets in numbers that grow adratically in T (time). In order to test that this was not a serious issue in our case, we lowed a procedure described in Roodman (2007) that in essence consists of reducing number of instruments in order to observe possible changes in parameter significance.
dels III, IV and V in Table 3 show the results of a same model (Model III, from Table   ctions on the number of instruments (223 and 187 instruments created, respectively).
e restrict the number of instruments by using the "laglimits" sub-command in ATA's XTABOND2 routine). As it can be seen in the table, the magnitude and nificance levels of the coefficients for all variables remain fairly unchanged as the mber of instruments decreases -an indication that our GMM model is appropriate (in In short, we find a nonlinear effect of services on firm profitability: more service enues relative to product revenues tend to hurt profitability up to some point where s relationship changes direction and more services start to be ass . We can calculate that "inflection point," i.e. the effect of a change in the ative importance of services on firm performance, by calculating the following semisticity:
The inflection point in this expression is that point where the slope of a curve depicting the effect of services on performance changes its sign. ect on profits turns positive -additional services will tend to increase profitability.
f industry R&D" variable, which did not turn out significant. We also d different specifications for the "industry maturity" variable, including an "onset of turity" dummy variable that took the value of 0 for data points before 1998 and 1 erwise -these failed to achieve significance, same as with the MATURITYCAT iable used here. We also tried to separate the effect of specific types of services on was case evidence suggesting that maintenance is often a stable, high-margin vice activity. However, this exercise reduced the sample considerably given that atively few firms break out the service revenue in its different components. As a result, maintenance variable did not turn out significant. Teece, 1986) . Our data shows that services e rising importance of services and assumed that product firms should or ld emphasize services more than in the past as their business models evolve. At least the software products industry, our data does indicate a rise in the importance of vices with regard to total firm sales over time, as shown in Figure 1 . However, our dy raises a word of caution as to the effect of services on firm performance. The c to software products, however, has suggested that services in st cases generate lower profits than products (because digital products can have up to % gross margins) and can therefore hurt the profitability of product firms, unless those ms find their product sales or prices decreasing and have no alternative but to phasize services (Cusumano, 2004 (Cusumano, , 2007 (Cusumano, , 2008 .
DISCUSSION
r levels of service revenues this relationship turns positive, with m irm profits. As noted earlier, we calculate this "inflection point" to be around % for our entire sample of publicly listed software products firms using a GMM mation model. pace of change in computers, the software product industry may not lend itself very e a negative effect on profitability? This situation seems to defy traditional economic ory and common business sense, and suggests that we need more theoretical work on y product firms offer services. For instance, product firms may invest in service duction early on because services are an important vehicle to learn about the market, nsfer product knowledge to customers, and reduce early customer's reluctance to adopt services may be positively associated with the survival of product ms (despite the fact that their impact on profitability is negative.) Indeed, this is an riguing hypothesis that we defer to future research, as our data is not suitable to a vival analysis given that it only relates to public firms.
Our results should also be interpreted with caution due to the nature of the se. As noted earlier, gross margins on the products business (that is, sales nus direct expenses for producing and delivering the product -but not including R&D, sales and marketing and general administrative expenses) can be extremely high. At same time, we must note that large R&D, sales, and marketing expenses may erode ch of these potential profits and, because of the same marginal cost characteristics, ompetition can get extremely fierce in bad times. In addition, given the unrelenting neatly to the traditional phases of industry evolution (despite the fact that Figure 2 shows a pattern similar to that seen in other industries). In spite of these caveats, there may be more similarities tha oducts and other product industries. For instance, many products industries governed by high fixed costs that generate competitive dynamics that are not too ferent from that of software products. Also, many products industries experience "deturity" trends or important changes in innovation dynamics even during their mature r empirical research in other product industries will help sort t these issues.
Further research could also look at the nuances coming from differences in the e of services within a ty and complexity of the technology, as discussed earlier, we should see considered exploratory since the number of firms in several categories is quite small is is particularly important for GMM models, and thus Appendix 2 is based on a fixedects estimation, where the inflection point for the entire sample is 58% compared to % in the GMM model). A quick look at the results for the largest segments (these ieve significant coefficients for SERVP and SERVP2) suggests that there may be esting differences within an industry. For instance, the largest segment, business and much larger than that of the second-largest category, networking software products It is likely that services will continue to be important for product companies and also bring them into conflict with services partners as these companies compete for also other technology companies that face increasing global competition and difficult The results of three fixed-models we fitted to our data are shown in the following 
